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(54) LEVEL CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the delay time of 
the falling of an output terminal even when a power 
voltage is low and to prevent a breakthrough current by 
providing a first switch means, etc., which is controlled 
by a first delay signal and provided between the output 
terminal of an inverter and the other cross couple 
connection point. 

SOLUTION: The switch means P4 is connected between 
a node 2 and a node 4 (the other cross couple 
connecting point) and its continuity/discontinuity is 
controlled by the output node 5 of a delay circuit D1, 
which has its input connected with a node 3 (one cross 
couple connecting point) and outputs a signal obtained 
by delaying the signal of the node 3 by a prescribed time. 
The power source of the circuit D1 is a second power 
source VDD 2 and consequently an output amplitude is 
also at the level of the power source VDD 2. By this 
constitution, a delaying time at the time of the falling the 
output terminal OUT is reduced and a large 

breakthrough current is prevented from flowing at the time of transition of falling. 
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[Claim(9)] 

[Claim 1] It has the 1st power source, the 2nd power source of different potential from 
said 1st power source, and a common power source. In the level converter circuit which 
changes the input signal of the 1st amplitude corresponding to the potential difference 
between said l9t power source and common power sources into the output signal of the 
2nd amplitude corresponding to the potential difference between said 2nd power 
source and common power sources The inverter which is connected to said the 1st 
power source and said common power source, and generates the reversal signal of said 
1st amplitude from said input signal, One pair of 1st conductivity-type transistors by 
which the source was connected to said 2nd power source, and cross couple connection 
of the gate and the drain was made. One pair of 2nd conductivity-type transistors as 
which each drain is connected at the cross couple node of one side or another side, each 
source is connected to said common power source, and said input signal or said 
reversal signal is inputted into each gate, The 1st delay means which it connects with 
said the 2nd power source and said common power source, and the signal of the cross 
couple node of said one side or another aide is delayed, and generates the 1st delay 
signal of said 2nd amplitude, The level converter circuit characterized by being 
controlled by said 1st delay signal and having the output terminal of said inverter, and 
the 1st switching means established during the cross couple node of said another side. 
[Claim 2] It is the level converter circuit characterized by being controlled to flow 
when said 1st switching means changes to the potential corresponding to said 1st 
power source in claim 1 from the potential corresponding to said common power source 
in said reversal signal, and to be un-flowing after predetermined time. 
[Claim 3] The 2nd delay means which it connects with eaid the 2nd power source and 
said common power source, and the signal of one [ said another side or ) cross couple 
node is further delayed in claim 2, and generates the 2nd delay signal of said 2nd 
amplitude. It is controlled by said 2nd delay signal, and has the input terminal of said 
inverter, and the 2nd switching means established during one [ said ] cross couple node. 
Said 2nd switching means The level converter circuit characterized by being controlled 
to flow when said input signal changes from the potential corresponding to said 
common power source to the potential corresponding to said 1st power source, and to be 
un-flowing after predetermined time. 

[Claim 4] It is the level converter circuit which said 1st switching means is a p channel 
transistor, and is characterized by said 1st delay signal being a reversal signal of the 
signal of one [ said ] cross couple node in claim 2. 

[Claim 5] It is the level converter circuit which said 1st switching means is a p channel 
transistor, and is characterized by said 1st delay signal being an noninverted signal of 
the signal of the cross couple node of said another side in claim 2. 

[Claim 6] The level converter circuit where the drain of said p channel transistor is 
characterized by connecting at the cross couple node of said another side in claim 4 or 
5. 

[Claim 7] It is the level converter circuit which said 1st switching means is an n 
channel transistor, and is characterized by said 1st delay signal being an noninverted 
signal of the signal of one ( said ] cross couple node in claim 2. 

[Claim S] It is ihe level converter circuit which said 1st switching means ia an n 
channel transistor, and ia characterized by said 1st delay signal being a reversal signal 
of the signal of the cross couple node of said another side in claim 2. 
[Claim 9] The level converter circuit characterized by connecting the source of said n 
channel transistor at the cross couple node of said another side in claim 7 or 8. 
[Claim 10] It has the 1st power source, the 2nd power source of different potential from 
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said 1st power source, and a common power source. In the level converter circuix which 
changes the input signal of the 1st amplitude corresponding to the potential difference 
between said 1st power source and common power sources into the output signal of the 

2nd amplitude corre spending to the potential difference tetw^n said 2nd power 

source and common power sources The inverter which ia connected to said the 1st 
power source and said common power source, and generates the reversal signal of said 
1st amplitude from aaid input signal, One pair of 1st conductivity-type transistors by 
which the source was connected to said 2nd power source, and cross couple connection 
of the gate and the drain was made, One pair of 2nd conductivity-type transistors as 
which each drain is connected at the cross couple node of one side or another side, each 
source is connected to said common power source, and said input signal or said 
reversal signal is inputted into each gate, The input terminal of said inverter, and the 
switching means established during one [ said] cross couple node, The level converter 
circuit characterized by having a delay means to generate the delay signal of said 2nd 
amplitude which it connects with said the 2nd power source and said common power 
source, and the signal of one [ said another side or ] cross couple node is delayed, and 
controls said switching means. 

[Claim 11] It is the level converter circuit characterized by being controlled to flow 
when said switching means changes to the potential corresponding to said 1st power 
source in claim 10 from the potential corresponding to said common power source in 
said input signal, and to be un-flowing after predetermined time. 

[Claim 12] It is the level converter circuit which said switching means is a p channel 
transistor, and is characterized by said delay signal being a reversal signal of the 
signal of the cross couple node of said another side in claim 11. 

[Claim 13] It is the level converter circuit which said switching means is a p channel 
transistor, and is characterized by said delay signal being an noninverted signal of the 
signal of one [ said ] cross couple node in claim 11. 

[Claim 14] The level converter circuit where the drain of said p channel transistor is 
characterized by connecting at one ( said ] cross couple node in claim 12 or 13. 
[Claim 15] It is the level converter circuit which said switching means is an n channel 
transistor, and ia characterized by said delay signal being an noninverted signal of the 
signal of the cross couple node of said another side in claim 11. 

[Claim 16] It is the level converter circuit which said switching means is an n channel 
transistor, and is characterized by said delay signal being a reversal signal of the 
signal of one [ said ] cross couple node in claim 11. 

[Claim 17] The level converter circuit characterized by connecting the source of 9aid n 
channel transistor at one [ said ] cross couple node in claim 16 or 16. 
[Claim 18] It is the level converter circuit which the potential of said common power 
source is lower than the potential of said 1st and 2nd power sources, and said 1st 
conductivity-type transistor is a p channel transistor in claims 2 and 3 or 11, and is 
characterized by said 2nd conductivity-type transistor being an n channel transistor. 
[Claim 19] It is the level converter circuit which the potential of said common power 
source ia higher than the potential of said 1st and 2nd power sources, and said 1st 
conductivity-type transistor is an n channel transistor in claims 2 and 3 or 11, and is 
characterized by said 2nd conductivity- typ e transistor being a p channel transiekor. 

(Claim 20] The inverter which is connected to the let power source and common power 
source, and generates a reversal signal from the input signal of the 1st amplitude 
corresponding to the potential difference between said 1st power source and common 
power sources, One pair of 1st conductivity-type transistors by which the source was 
connected to the 2nd power source of different potential from said 1st power source, 
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and cross couple connection of the gate and the drain was made, One pair of 2nd 
conductivity-type transistors as which each drain is connected at the cross couple node 
of one side or another side, each source is connected to said common power source, and 
said input signal or said reversal signal is inputted into each gate, It has the output 
terminal of said inverter, and the 1st switching means established during the cross 
couple node of said another side. In the level convert approach in the level converter 
circuit which changes said input signal into the output signal of the 2nd amplitude 
corresponding to the potential difference between said 2nd power source and common 
power sources The level convert approach characterized by controlling said 1st 
switching means to make it flow when said reversal signal changes from the potential 
corresponding to said common power source to the potential corresponding to said 1st 
power source, and to be un-flowing after predetermined time with the 1st control 
signal of said 2nd amplitude. 

[Claim 21] In claim 20, it has further the 2nd switching means established during one 
[ the input terminal of said inverter, and / said ] cross couple node. Said 2nd switching 
means with the 2nd control signal of said 2nd amplitude The level convert approach 
characterized by controlling to make it flow when said input signal changes from the 
potential corresponding to said common power source to the potential corresponding to 
said 1st power source, and to be un-flowing after predetermined time. 
[Claim 22] The inverter which is connected to the 1st power source and common power 
source, and generates a reversal signal from the input signal of the 1st amplitude 
corresponding to the potential difference between said 1st power source and common 
power sources, One pair of 1st conductivity-type transistors by which the source was 
connected to the 2nd power source of different potential from said 1st power source, 
and cross couple connection of the gate and the drain was made, One pair of 2nd 
conductivity-type transistors as which each drain is connected at the cross couple node 
of one side or another side, each source is connected to said common power source, and 
said input 9ignal or said reversal signal is inputted into each gate, It has the input 
terminal of said inverter, and the switching means established during one [ said ] cross 
couple node. In the level convert approach in the level convert circuit which changes 
said input signal into the output signal of the 2nd amplitude corresponding to the 
potential difference between said 2nd power source and common power sources The 
level convert approach characterized by controlling said switching means to make it 
flow when said input signal changes from the potential corresponding to said common 
power source to the potential corresponding to said 1st power source, and to be 
un-flowing after predetermined time with the control signal of said 2nd amplitude. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] [ in the semiconductor integrated circuit using two or more 
power sources from which an electrical potential difference differs J, this invention 
changes into a high amplitude signal the low amplitude signal inputted from the 
circuit using the 1st power source of a low battery, and relates to the level converter 
circuit outputted to the circuit using the 2nd power source of high tension. 
[0002] 

[Description of the Prior Art] Drawing 1 is the circuit diagram of the conventional level 
converter circuit (1), That low amplitude signal will be changed into a high amplitude 
signal, and this level converter circuit (1) will output the changed high amplitude 
signal to the circuit using the 2nd power source VDD2 (for example, 5.0V) from an 
output terminal OUT, if a low amplitude signal is inputted into an input terminal IN 
from the circuit which uses the 1st power source VDDl (for example, 3.3V). 
[0003] Drawing 2 is the electrical-potential-difference wave form chart of the node 1 in 
the conventional level converter circuit (1) shown in drawing 1 to the node 4. The 
signal of the level of the 1st power source VDDl is inputted into an input terminal IN 
for the amplitude, and it is impressed by the gate (node 1) of the pMOS transistor P3 
which constitutes an inverter 20, and the nMOS transistor N3. An inverter 20 reverses 
the signal of a node 1 and the amplitude outputs the reversal signal of the level of the 
1st power source VDDl to a node 2. 

[0004] The signal of a node 1 and a node 2 is added to the gate of the nMOS transistor 
Nl and the nMOS transistor N2, respectively. On the other hand, each gate is mutually 
connected to the drain of the other party, and, as for the pMOS transistor Pi and the 
pMOS transistor P2, each drain is connected to the drain of the nMOS transistor Nl 
and the nMOS transistor N2- 

[0005] If a node 1 considers as H level and a node 2 considers as L level by the initial 
state as shown in drawing 2 , the nMOS transistor Nl will be in switch-on, and the 
nMOS transistor N2 will be in non-switch-on- Since the nMOS transistor Nl is 
switch-on, the node 4 serves as L level, and since a node 4 is L level, the pMOS 
transistor P2 is switch-on. And since the pMOS transistor P2 is switch-on, the output 
terminal OUT connected to the node 3 serves as H level- In addition, the potential of H 
level of an output terminal OUT is the level of the 2nd power source VDD2. 
[0006] If a signal is inputted into an input terminal IN and the potential of a node 1 
changes from H level to L level now, by the time amount tl to which the potential of a 
node 1 passes the threshold potential of an inverter 20, a node 2 will change from L 
level to H level, the nMOS transistor Nl will be un-flowing, and the nMOS transistor 
N2 will be flowed through it. 

[0007] Although the potential of a node 2 starts descent from the time amount t2 to 
which the potential of a node 3 passes the threshold potential of the nMOS transistor 
N2, in this case, the nMOS transistor N2 resists the pMOS transistor P2 which has 
still flowed, and reduces the potential of a node 3. If the potential of a node 3 falls and 
the threshold potential of the pMOS transistor Pi is passed by time amount t3, the 
pMOS transistor Pi will flow and the potential of a node 4 will be pulled up to the 2nd 
power source VDD2. Since xhe nMOS transistor Nl is already un-flowi w g at t>vis timtt, 
the potential of a node 4 starts quickly. If the potential of a node 4 goes up and the 
threshold potential of the pMOS transistor P2 is passed by time amount t4, the pMOS 
transistor P2 will be un-flowing, and a node 3 will fall in ground potential GND. In this 
case, the time amount from tl to t3 is the time delays tpd of a level converter circuit (1). 
[0008] Next, if a node 1 changes from L level to H level, a node 2 begins lowering from 



'05$04jjl9H(jO 18l|16# 5e5c:MCDERMOTT llilllPM R : 0 8 4 P. 06/13 

H level by the time amount t5 to which the potential of a node 1 passes the threshold 
potential of an inverter 20, and it will pass over time amount t6, and will change to L 
level, the nMOS transistor Nl will be flowed through it, and the nMOS transistor N2 
will be un-flowing. The nMOS transistor Nl resists the pMOS transistor Pi which has 
still flowed, and reduces the potential of a node 4. If the potential of a node 4 falls and 
the threshold potential of the pMOS transistor P2 is passed by time amount t7, the 
pMOS transistor P2 will flow and the potential of a node 3 will be pulled up to the level 
of the 2nd power source VDD2. Since the nMOS transistor N2 is already un-flowing at 
this time, the potential of a node 3 starts quickly. If the potential of a node 3 goes up 
and the threshold potential of the pMOS transistor Pi ia passed by time amount t8, the 
pMOS transistor Pi will be un-flowing. and a node 4 will fall in ground potential GND. 
As for the input signal (node 1) of the 1st power source VDDl. the amplitude is 
changed into the output signal (node 3) of the 2nd power source VDD2 for the 
amplitude as above. 

[0009] Since the load carrying capacity connected to an output terminal OUT is driven 
in case it starts, big driving force is required for the pMOS transistor P2 of a level 
converter circuit (1), and it needs to design gate width greatly. Moreover, in order for 
the nMOS transistor N2 to also perform reduction in an output terminal OUT, it is 
necessary to enlarge gate width like the pMOS transistor P2, and to give big driving 
force. However, since the reduction in an output terminal OUT resists the pMOS 
transistor P2 of switch-on and is performed with the nMOS transistor N2, a time delay 
tpd becomes large and the problem that a big penetration current flows ia in 
transistors P2 and N2. On the other hand, since a node 4 side does not drive load 
carrying capacity, the gate width of the pMOS transistor PI may be small, and is 
reduced comparatively quickly. 

[0010] Thus, the thing with a late reduction in the potential of an output terminal OUT 
(node 3) is for reducing the potential of a node 3, while the pMOS transistor P2 has 
been switch-on in a level converter circuit (1). Since the pMOS transistor Pi which 
pulls up the potential of a node 4 is actuation which flows at last as a result of 
reducing the potential of a node 3, it cannot make actuation of the pMOS transistor PI 
precede, although what is necessary is just to pull up the potential of a node 4 quickly 
in order to make, the pMOS transistor P2 un-flowing quickly. 

[0011] Drawine^_3_ is the circuit diagram of the conventional level converter circuit (2) 
which improved the t T ouble of a level converter circuit (1). Moreover, drawing 4 is the 
electrical-potential-difference wave form chart of the nodes 1-4 of a level converter 
circuit (2), and a node 10. The inverter D10 with which the nMOS transistor N4 is 
connected between the node 2 of a level converter circuit (1) and a node 4, and a level 
converter circuit (2) drives the nMOS transistor N4 is added. 

[0012] It connects with the 1st power source VDDl, and an inverter D10 reverses the 
signal of a node 2, and outputs it to the gate of the nMOS transistor N4. The pMOS 
transistors Pi, P2, and P3 and the nMOS transistors Nl, N2, and N3 are the same as 
that of the case of a level converter circuit (1). 

[0013] If the potential of a node 2 starts, it can pull up to the level (VDDl-VTHN) on 
which it did not wait for change of the potential of a node 3 f but the potential of a node 
4 fell by the threshold v Q ltage VTHN of the nMOS transistor N* from the 1st power 
source VDDl with the nMOS transistor N4, and the actuation from which the pMOS 
transistor P2 is un-flowing will be sped up in a level converter circuit (2), as stated 
below. 

[0014] As shown in drawing 4 . when a node 1 considers as H level and a node 2 
considers as L level by the initial state, the nMOS transistor Nl is switch-on, and the 
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nMOS transistor N2 is non-switch-on. Since a node 2 is L level, a node 10 is H level and 
the nMOS transistor N4 is switch-on. For this reason, a node 4 is [ the potential of L 
level and a node 3 ] the level of the 2nd power source VDD2 on H level. 
[0O15] If a signal is inputted into an input terminal IN and the potential of a node 1 
changes fromH level to L level now, by the time amount til to which the potential of a 
node 1 passes the threshold potential Of an inverter 20, the potential of a node 2 will 
change from L level to H level, the nMOS transistor Nl will be un-flowing. and the 
nMOS transistor N2 will be flowed through it. The nMOS transistor N2 resists the 
pMOS transistor P2 which has still flowed, and begins to reduce the potential of a node 
3. At this event, since a node 10 is still H level and the nMOS transistor N4 has flowed 
through it by delay of an inverter D10, it can also pull up a node 4 to (VDDl-VTHN) by 
the standup of a node 2. 

[0016] Although, as for the potential of a node 3, the potential of a node 2 begins 
descent by the time amount tl2 which passes the threshold potential of the nMOS 
transistor N2, if the potential of a node 4 passes the threshold potential of the pMOS 
transistor P2 by time amount tl3, the pMOS transistor P2 will be un-flowing, and a 
node 3 will fall in ground potential GND promptly. If a node 3 is set to L level and 
passes the threshold potential of the pMOS transistor Pi by time amount tl4, the 
pMOS transistor Pi will flow and a node 4 will be pulled up to the 2nd power source 
VDD2. By this time, since the node 10 has changed to L level, the nMOS transistor N4 
is un-flowing. In this case, the time amount from til to tl4 is the time delays tpd of a 
level converter circuit (2). 

[0017] Thus, in a level converter circuit (2), since it does not wait for change of a node 
3 but a node 4 can pull up promptly with the nMOS transistor N4, the actuation in 
which the pMOS transistor P2 is un-flowing speeds up, a time delay tpd is shortened, 
and penetration currents are also reduced, in drawing 4 , the broken line shows the 
level converter circuit (1) wave for the comparison (the following -- the same). 
[0018] Next, if a node 1 changes from L level to H level, by the time amount tl5 to 
which the potential of a node 1 passes the threshold potential of an inverter 20, a node 
2 will change from H level to h level, the nMOS transistor Nl will be flowed through it. 
and the nMOS transistor N2 will be un-flowing. The nMOS transistor Nl resists the 
pMOS transistor PI which has still flowed, and reduces a node 4. If the potential of a 
node 4 falls and the threshold potential of the pMOS transistor P2 is passed by time 
amount tl7, the pMOS transistor P2 will now and a node 3 will be pulled up to the 2nd 
power source VDD2. Since the nMOS transistor N2 ie already un-flowing at this time, 
the potential of a node 3 starts quickly. Moreover, since a node 2 is already L level 
when it is late for change of a node 2, it changes to H level by time amount tl6 and the 
nMOS transistor N4 flows, a node 10 contributes to the reduction in a node 4, and 
speeds up transition somewhat. If the potential of a node 3 goes up. the pMOS 
transistor PI will be un-flowing, and a node 4 will fall in ground potential GND. 
[0019] 

[Problem(s) to be Solved by the Invention] In a level converter circuit (1), there is a 
trouble that the time delay tpd of falling of an output terminal OUT is large, and a big 
penetration current flows to the transient of falling, as above-mentioned. 

[0020] On the other hand, like a low. power-oriented integrated circuit in recent years, 
although 3.3V and the 2nd power source VDD2 have the let effective power source 
VDDl in the conventional applicable field which is 5.0V, a level converter circuit (2) 
has the problem that there is little effectiveness, when supply voltage is the IV 
neighborhood. Since the nMOS transistor N4 is connected to the node 4 as a source 
follower circuit, the nMOS transistor N4 of this is for pulling up only to low level 
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(VDDl-VTHN) by the threshold VTHN from the 1st power source VDDl of a low side 
about the potential of a node 4. 

[0021] For example, the 1st power source VDDl considers the cage where the threshold 
voltage VTHN of a nMOS transistor is [ the threshold voltage VTHP of 0.5V and a 
pMOS transistor ] -0.5V in 1.5V for IV and the 2nd power source VDD2. with an 
integrated circuit with low supply voltage, this time -- the nMOS transistor N4 •• a 
node 4 -- at most (VDDl-VTHN) -- it can pull up only to =0.5V and cannot amount to 
= 1V from which the pMOS transistor P2 is un-flowing (VDD2-VTHP). Therefore, the 
time delay tpd of a level converter circuit (2) remains in extent somewhat shortened 
from the case of the level converter circuit (1) which waits for a node 4 to be able to 
pull up with the pMOS transistor PI. 

[0022] Thus, a level converter circuit (2) has the problem that the time delay tpd of 
falling of an output terminal OUT (node 3) has large (VDDl-VTHN) when far lower 
than the 2nd po<»er source VDD2, and a big penetration current flows to the transient 
of falling. 

[0023] Then, also in an integrated circuit with low supply voltage, this invention 
shortens the time delay tpd of falling of an output terminal OUT, and aims at offering 
the level converter circuit which prevents that a big penetration current flows to the 
transient of falling. 
[0024] 

[Means for Solving the Problem] The 2nd power source of the potential in which the 
above-mentioned object differs from the 1st power source and said 1st power source, In 
the level converter circuit which haB a common power source and changes the input 
signal of the 1st amplitude corresponding to the potential difference between said 1st 
power source and common power sources into the output signal of the 2nd amplitude 
corresponding to the potential difference between said 2nd power source and common 
power sources The inverter which is connected to said the 1st power source and said 
common power source, and generates the reversal signal of said 1st amplitude from 
said input signal, One pair of 1st conductivity-type transistors by which the source 
was connected to said 2nd power source, and cross couple connection of the gate and 
the drain was made, One pair of 2nd conductivity-type transistors as which each drain 
is connected at the cross couple node of one side or another side, each source is 
connected to said common power source, and said input signal or said reversal signal is 
inputted into each gate, The 1st delay means which it connects with said the 2nd power 
source and said common power source, and the signal of the cross couple node of said 
one side or another side is delayed, and generates the 1st delay signal of said 2nd 
amplitude, It is controlled by said 1st delay signal, and has the output terminal of said 
inverter, and the 1st switching means established during the cross couple node of said 
another side. Said 1st switching means It flows, when said reversal signal changes 
from the potential corresponding to said common power source to the potential 
corresponding to said 1st power source, and it is attained by offering the level 
converter circuit characterized by being controlled to be un-flowing after 
predetermined time, 

[0025] Since according to this invention it does not wait for change of the potential of 
one cross couple node but the potential of the cross couple node of another aide can pull 
up promptly by the 1st switching means, the actuation in which the 1st 
conductivity-type transistor connected at one croSB couple node is un-flowing speeds up, 
the time delay of falling of an output signal is shortened, and it can prevent that a big 
penetration current flows to the transient of falling. Moreover, since the 1st switching 
means of after transition termination is un-flowing, a current does not flow from the 
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2nd power source to the 1st power source through the 1st switching means. 
[0026] Furthermore, in the level converter circuit of this invention, since it is 
controlled so that the let switching means fully flows with the 1st delay signal, the 
gate of the 1st conductivity-type transistor connected at one cross couple node can be 
pulled up to the potential of the 1st power source. Therefore, even if the 1st and 2nd 
power source low-battery-izes, the actuation in which the 1st conductivity-type 
transistor connected at one cross couple node is un-flowing speeds up, and the time 
delay at the time of falling of an output signal can be shortened. 

[0027] Moreover, the 2nd delay means which it connects with said the 2nd power source 
and said common power source, and the above-mentioned object delays the signal of 
one [ said another side or ] cross couple node in the further above-mentioned 
explanation, and generates the 2nd delay signal of said 2nd amplitude, It is controlled 
by said 2nd delay signal, and has the input terminal of said inverter, and the 2nd 
switching means established during one [ said ] cross couple node. Said 2nd switching 
means It flows, when said input signal changes from the potential corresponding to 
said common power source to the potential corresponding to said 1st power source, and 
it is attained by offering the level converter circuit characterized by being controlled to 
be un-flowing after predetermined time. 

[00281 According to this invention, in addition to a means to speed up starting of the 
potential of the cross couple node of another side, starting of the potential of one cross 
couple node can be sped up by the 2nd delay means and 2nd switching means. For this 
reason, falling of an output signal and the time delay at the time of a standup are 
shortened, and it can prevent that a big penetration current flows to the transient of 
falling and a standup. 
[0029] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained according to a drawing. However, the gestalt of this operation does not limit 
the technical range of this invention. 

[0030] First, the principle of the level converter circuit of this invention is explained. 
Drawing 5 is principle drawing of the level converter circuit of this invention, and 
drawingi_6_i s the voltage waveform. As shown in drawing $ R> 5, connection of the 
pMOS transistors PI, P2, and P3 and the nMOS transistors Nl, N2, and N3 is the same 
as that of the case of drawing 1 R> 1 and drawing 3 . As for the level converter circuit 
of this invention, a switching means Si is connected between a node 2 and a node 4 
(cross couple node of another aide), and its flow / un-flowing are controlled by the 
output node 5 of a delay circuit Dl. 

[0031] The input is connected to the node 3 (one cross couple node), and a delay circuit 
Dl outputs the signal to which predetermined carried out time delay of the signal of a 
node 3 to a node 5. The power source of a delay circuit Dl is the 2nd power source 
VDD2, therefore an output swing is also the level of the 2nd power source VDD2. The 
level converter circuit of this invention can shorten the time delay at the time of 
falling of an output terminal OUT, and can prevent that a big penetration current 
flows to the transient of falling so that it may explain below. 

[0032] Next, actuation of the level converter circuit of this invention is explained. If a 
node 1 considers as H level and a node 2 considers »a L level by the initial state as 
shown in drawing 6 . switch-on and the nMOS transistor N2 will be [ the nMOS 
transistor Ml ] in non-switch-on. Therefore, a node 4 is [ the potential of L level and a 
node 3 ] the level of the 2nd power source VDD2 on H level. Moreover, a node 5 is taken 
as the condition of making it flowing through a switch Si. 

[0033] If a signal is inputted into an input terminal IN and the potential of a node 1 
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changes from H level to L level now, by the time amount t21 to which the potential of a 
node 1 passes the threshold potential of an inverter 20, a node 2 will change from L 
level to H level, the nMOS transistor Nl will be un-flowing, and the nMOS transistor 
N2 will be flowed through it. 

[0034] From the time amount t22 to which the potential of a node 2 passes the 
threshold potential of the nMOS transistor N2, the nMOS transistor N2 resists the 
pMOS transistor P2 which has still flowed, and begins to reduce the potential of a node 
3. At this event, since the switch Si has flowed, the potential of a node 4 can also be 
pulled up by the standup of the potential of a node 2. If the potential of a node 4 goes 
up and the threshold potential of the pMOS transistor P2 is exceeded by time amount 
t23, the pMOS transistor P2 will be un-flowing, and a node 3 will fall in ground 
potential GND promptly. If the potential of a node 3 falls from the threshold potential 
of the pMOS transistor Pi in time amount t24, the pMOS transistor PI will flow and 
the potential of a node 4 will be pulled up to the level of the 2nd power source VDD2, A 
switch SI changes to un-flowing by the time amount t25 to which the potential of delay 
and a node 6 pusses the threshold potential of a switch Si from falling of a node 3 by 
the delay circuit Dl. In this case, the time amount from t21 to t24 is the time delays 
tpd of the level converter circuit of this invention. 

[0035] Thus, since the level converter circuit of this invention does not wait for change 
of the potential of a node 3 but the potential of a node 4 can pull up it promptly with a 
switch Si, the- actuation from which the pMOS transistor P2 changes to un-flowing 
speeds up, a time delay tpd is shortened, and penetration currents are also reduced. 
Moreover, since the switch Si after transition termination is un-flowing, a current 
does not Row from the 2nd power source VDD2 to the 1st power source VDDl through a 
switch Si. 

[0036] Drawing 7 is the circuit diagram of the level converter circuit (1) of the gestalt 
of operation of this invention, and drawing 8 is the voltage waveform. As shown in 
drawing 7 a configuration and an operation of the pMOS transistors Pi, P2, and P3 
and the nMOS transistors Nl, N2, and N3 are the same as that of the conventional case. 
However, the pMOS transistor P4 equivalent to the switch Si shown in drawing 5 is 
connected between a node 2 and a node 4, and the gate is connected to the output node 
5 of the inverter Dl equivalent to the delay circuit Dl of drawing 5 R> 5. An inverter 
Dl reverses an after [ a predetermined time delay ] phase, and outputs the signal of a 
node 3 to a node 5. Since the inverter Dl is using the 2nd power source VDD2 as the 
power source, the amplitude is the level of the 2nd power source VDD2, 
[0037] As shown in drawing 8 . when a node 1 considers as H level and a node 2 
considers as L level by the initial state, the nMOS transistor Nl is switch-on, and the 
nMOS transistor N2 is non-swifcch-on. Therefore, a node 4 is [ the potential of L level 
and a node 3 ] the level 0 f the 2nd power source VDD2 on H level. Moreover, the pMOS 
transistor P4 of a node 5 is switch-on on L level. 

[0038] If a signal is inputted into an input terminal IN and the potential of a node 1 
changes from H level to L level now, by the time amount t31 to which the potential of a 
node 1 passes the threshold potential of an inverter 20, the potential of a node 2 will 
change from L level to H level, the nMOS transistor Nl will be un-flowing, and the 
nMOS transistor N2 will be flowed through it. 

[0039] From the time amount t32 to which the potential of a node 2 passes the 
threshold potential of the nMOS transistor N2, the nMOS transistor N2 resists the 
pMOS transistor P2 which has still flowed, and begins to reduce the potential of a node 
3. At this event, since the pMOS transistor P4 has still flowed through the potential of 
a node 5 on L level by delay of an inverter Dl, it can also pull up the potential of a node 



l5|04fll9H(fll«Hl«£ JR:MCDERMOTT £fi:fflfiffifl)i R : 0 8 4 P. 11/13 

' 0 5|04|i I 9 B (lO 1 1^5 9# Jffi: gllllft tfi: KTWtttiWirSft >#- R : 2 5 a P. 25 

4 to the level of the 1st power source VDD1 by the standup of the potential of a node 2. 
[0040] In this case, since the drain is connected to the node 4 unlike the conventional 
level converter circuit (2) of drawing 3 . the pMOS transistor P4 can pull up the 
potential of a node 4 to the level of the 1st power source VDD1 which is H level of a 
node 2. If the potential of a node 4 goes up and the threshold potential of the pMOS 
transistor P2 is exceeded by time amount t93, the pMOS transistor P2 will be 
un-flowing, and the potential of a node 3 will fall in ground potential GND promptly. If 
the potential of a node 3 falls from the threshold potential of the pMOS transistor PI 
in time amount tS4, the pMOS transistor Pi will flow and the potential of a node 4 will 
be pulled up to the level of the 2nd power source VDD2. If it is late for falling of the 
potential of a node 3, the potential of a node 5 starts and the threshold potential of the 
pMOS transistor P4 is exceeded by time amount t35 by delay of an inverter Dl, the 
pMOS transistor P4 will be un-flowing. In this case, the time amount from t31 to t34 is 
the time delays tpd of the level converter circuit (1) of the gestalt of this operation. 
[0041] Thus, in the level converter circuit (1) of the gestalt of operation of this 
invention, since it does not wait for change of the potential of a node S but the 
potential of a node 4 can pull up promptly with the pMOS transistor P4, the actuation 
which is un-flowing [ of the pMOS transistor P2 ] speeds up, a time delay tpd is 
shortened, and penetration currents are also reduced. Moreover, since the pMOS 
transistor P4 after transition termination is un-flowing, a current does not flow from 
the 2nd power source VDD2 to the 1st power source VDDl through the pMOS 
transistor P4. 

[0042] As for the level converter circuit (1) of the gestalt of this operation, 
effectiveness is not spoiled also when supply voltage is the IV neighborhood like a 
low-power-oriented integrated circuit in recent years. For example, the 1st power 
source VDDl considers the case where the threshold voltage VTHN of a nMOS 
transistor is [ the threshold voltage VTHP of 0.5V and a pMOS transistor ] -0.5V in 
1.5V for IV and the 2nd power source VDD2, like the case of drawing 3 . since the 
nMOS transistor N4 is connected to a node 4 as a source follower circuit in the 
conventional level converter circuit (2) of drawing^,- the nMOS transistor N4 - the 
potential of a node 4 -- at most (VDDl-VTHN) it can pull up only to =0.5V. On the 
other hand, in the level converter circuit (1) of the gestalt of operation of thiB 
invention of drawing 7 , since the drain is connected to the node 4, the pMOS transistor 
P4 can pull up a node 4 to the 1st power-source VDDl = lV, and can be given to =lV 
which are the potential from which the pMOS transistor P2 is un-flowing 
(VDD2-VTHP). Therefore, even if power sources VDDl and VDD2 low-battery-ize, the 
actuation which stands as for an output terminal OUTl, and speeds up lowering is 
attained. 

[0043] Next, since the pMOS transistor P4 does not flow until a node 3 changes to H 
level by time amount t3S and a node 5 changes to L level by time amount t39 when a 
node 1 changes from L level to H level, the pMOS transistor P4 hardly contributes to 
transition, but that of actuation is the same as that of the case of the farmer of drawing 
1_. Since the delay at the time of falling (standup of the potential of a node 3) of the 
potential of a node 4 is small, it is satisfactory from the first, as explanation of 
dvawing 1 described. 

[0044] Drawing 9 is the circuit diagram of the level converter circuit (2) of the gestalt 
of operation of this invention. A level converter circuit (2) acquires the delay signal of 
a node 5 from a node 4 through two steps of inverters D2 and Dl. Since a node 3 and a 
node 4 are complementary signals, the signal of the node 5 of drawing 7 and the same 
signal are acquired by the node 5 of drawing 9., 
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[0045] Drawing 10 is the circuit diagram of the level converter circuit (3) of the gestalt 
of operation of this invention. In the level converter circuit (1) of drawing 7 . the 
standup of a node 3 can be sped up by forming the pMOS transistor P4 prepared 
between the node 2 and the node 4 between a node 1 and a node 3. That is, the circuit 
which shortens the time delay at the time of the standup of an input signal can consist 
of connecting a node 1 to the source of the pMOS transistor P4 of a switching means, 
connecting the drain of the pMOS transistor P4 to a node 3 further, and connecting to a 
node 4 the input terminal of the inverter Dl which is a delay circuit. In that case, since 
the pMOS transistor P4 maintains switch-on at the time of standup transition of an 
input signal, it can speed up starting of the potential of a node 3. 

[0046] In addition, the input terminal of an inverter Dl may not be connected to a node 
4. buc as shown in a dotted line, you may connect with a node 3 through an inverter 
D19. Moreover, changing the pMOS transistor P4 into a nMOS transistor changes the 
polarity of a delay signal like drawing 12 mentioned later, and it is possible. 
[O047] Drawing 11 is the circuit diagram of the level converter circuit (4) of the gestalt 
of operation of this invention. A level converter circuit (4) is the example which carried 
both a means (the pMOS transistor P4 (the 1st switching means), inverter Dl) to speed 
up starting of the potential of a node 4 like the level converter circuit (1) of drawing 1 , 
and a means (the pMOS transistor P5 (the 2nd switching means), inverter D3) to speed 
up further starting of the potential by the side of the node 3 described above. 
[0048] In a level converter circuit (4), the pMOS transistors Pi, P2, P3, and P4, the 
nMOS transistors Nl, N2, and N3, and an inserter Dl are the same as that of the case 
n f A-raM,{ n( r 7 R> 7. In a level converter circuit (4), the pMOS transistor P5 is connected 
between a node 1 and a node 3, and an inverter DS is connected between a node 4 and a 
node 7. Moreover, a reversal signal output terminal (/OUT) is connected to a node 4. In 
a level converter circuit (4), as mentioned above, starting of the potential of a node 4 
can be sped up with an inverter Dl and the pMOS transistor P4, and starting of the 
potential by the side of a node 3 can be sped up with an inverter D3 and the pMOS 
transistor P5. 

[0049] In addition, as shown in a dotted line, even if do not connect the input terrmnal 
of an inverter Dl to a node 3, but it connects with a node 4 through an inverter D21, 
and it does not connect the input terminal of an inverter D3 to a node 4 but it connects 
with a node 3 through an inverted D20, the same effectiveness is acquired as drawing 
explained. 

[00S0] Drawing 12 i s the circuit diagram of the level converter circuit (5) of the gestalt 
of operation of this invention, and drawing 13 is the electrical-potential-difference 
wave form chart. A level converter circuit (5) changes the pMOS transistor P4 in 
drawing 7 to the nMOS transistor N4, and makes the signal of the node 7 included in 
the gate the delay signal which passed through two steps of inverters D4 and D5 from 
the node 3. It is the same as that of the pMOS transistor P4 in the case of drawing 7 a 
flow / un-flowing. [ of the nMOS transistor N4 ] In addition, an inverter D4 is deleted, 
and the same effectiveness is acquired even if it connects the input terminal of an 
inverter D5 to a node 4, as shown in a dotted line. 

[0051] As shown in drawing 13 . in case the nMOS transistor N4 pulls up the potential 
of a node 4. it differs from the case of the conventional level converter circuit (2) of 
drawing 4 . The nMOS transistor N4 The potential of the lower one can pull up the 
potential of a node 4 from the 2nd power source VDD2 which is H level of a node 7 
among the 1st power source VDDl of the level (VDD2-VTHN) which fell by the 
threshold voltage VTHN of the nMOS transistor N4, or H level of a node 2. The gate of 
the nMOS transistor N4 of drawing 12 is connected to the output of the inverter 5 
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driven with the 2nd power source VDD2. and this is because the potential of the 2nd 
power source VDD2 is impressed. 

f0052] (VDD2-VTHN) is [ this level converter circuit (5) ] effective when larger than 
the 1st power source VDDl, and an abbreviation EQC and the 1st power source VDDl 
For example, the 1st power source VDDl considers the case where the threshold 
voltage VTHN of a nMOS transistor is [ the threshold voltage VTHP of 0.5V and a 
pMOS transistor ] -0.5V in 1.5V for IV and the 2nd power source VDD2, like the case of 
drawing 3 Since the potential of the drain at the time of the flow of the nMOS 
transistor N4 (node 2) is set to the 1st power-source VDDl=lV at this time and the 
potential of the gate is set to the 2nd power-source VDD2 = 1.5V it is set to 
= (VDD2-VTHN) VDD1 = 1V. Therefore, as for a node 3, it can stand, the nM U & 
transistor N4 being able to pull up a node 4 up to the IV neighborhood, and fully 
making the pMOS transistor P2 un-flowing, and can accelerate lowering. 
[0053] Although GND was common and the example in case there are the 1st power 
source VDDl of a low battery and the 2nd power source VDD2 of high tension was 
shown in djawiflJg 13 from drawing 5 .of the above explanation Also when the power 
source VDD of criteria is common and there are the 1st power source VSSl of high 
tension and the 2nd power source VSS2 of a low battery as a power source of the One 
lower than it (VDD>VSSl> VSS2) The same circuit can be constituted if the 
classification of pMOS transistors other than an inverter and a nMOS transistor is 

[00541 Drawing 14 is the circuit diagram of the level converter circuit (6) of the gestalt 
of operation of this invention which replaced the circuit of drawing 7 b y the 
above-mentioned meaning. The inverter 20 by which a level converter circuit (6) is 
connected to the 1st power source VSSl and common power source VDD. The nMOS 
transistors N5 and N6 by which the source was connected to the 2nd power source 
VSS2 and cross couple connection of the gate and the drain w as made. It has the 
pMOS transistors P6 and P7 by which the source was connected to the common power 
source VDD and has further the inverter Dl connected to the 2nd power source VSS2 
and common power source VDD, and the nMOS transistor N7 controlled by the inverter 
Dl In addition, it may not connect with a node 3. but the input terminal of an inverter 
Dl may be connected to a node <t through an inverter 22, as shown in a dotted line. 
[0055] Since the nMOS transistor N7 of a level converter circuit (6) flows at the time of 
falling transition of the node 2 of the output signal of an inverter 20, it can shorten the 
time amount from which a node 4 is brought down and the nMOS transistor N6 is 
un-flowing, and can carry out the standup of an output terminal OUT to improvement 

in the speed. xreoi ^-j 

[0056] It is applicable to the architecture of two different power sources VSSl and 
VSS2 from the common power source VDD to which the level converter circuit shown in 
Rawing 12 serves as criteria from Hawing 9 similarly. Furthermore, the nMOS 
transistor N7 which is the switching means of drfrwinff 14 can also be conatituted from 
a pMOS transistor, if the polarity of a delay signal is changed. 

[Effect of the Invention] According to this invention, also in an integrated circuit with 
low supply voltage, the time delay tpd of falling of an output terminal OUT can be 
shortened, and the level converter circuit which prevents that a big penetration 
current flow S to the transient of falling can be offered as explained above. 
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B&iB4 y^-9(Dihij^tmiS.mij<r>9tixA 
mwusjsHztkwbtLtem 1 0x4 <y u 

HulBA^"fl"§"5r huIBSI 2 *)«fflfc ^6MBMB««fflat: 

Clf*«2 1 3 nraSB2 0fc:*$vvc, 

MIB'f WN'-^iOA^^fclaiB— ^<r>9u^A 
■y 7*/WMKjAHKzK(t <bJlfcSS2 OX>f -y f-*SSr^r 
U 

HUfBIS2<7)X^ -y^-¥-SSr> «rffiaS2<OSIliOfl52tfDS0 
IWfi-f-t-J; ot . milBA^ft^l?IBftjl«iS^WJC-r 

ibis i o«wfc28Marao*fi>i«=*«&*-4fs 1 ^ffi 
moA^ft^festefi-tsr^-rs-f t s 

l^fli^b7y^i:s • 

m&izmm. $ n . *ti?tie> v - x*< fri Bfta«® (cm 
&m^tfAJjZixhittcom2mwmbyyi;x9t. 

mwunmzmibtitzu -y^st^^t. 
iuiEA^fi-§-s: Buism 2 omast ^mmMm(omm.mz 
nm^hmznw&n&xm^zgm-th u^oi-a >j< 

B?fBX 4 -v £ . mf IBIS 2 <0iRBfl5SS«l«^fc: J: -» 
T . MIBA^ft^^luIBftil^j®^«J5-f * mM*^ M 

[0 00 13 

[ wmmt h mf&m 3 *% B Jti , ni±cr>m% h 2-> 
vx&nmm&^h^mw&wmniz^x, isms. 

[00023 

[«e*<oaW] EI lid, sawi/^wyy^-^llli 
( i ) <7Mi]g§EiT-$>&. loK/^y^- 

(1 ) li. AiMsHM NtcMll«0«aSVDD 1 (Witf 



5 

3. 3v> im^&mMfrbimmm^tf^jjztiz 
ins. ov) zm^hmmz&ii-th. 

[ 0 0 0 3] @2(i. Illfc^L^^Oly^nyA 
( 1 ) d&lT&y-F l#><c»y-K4<7)«ffi£ 
^fat'S) & . I N KffiipgtfSI 1 eo^ig V D D 1 

Ols^wm^tfAJl Zti, 4 vrt—f 2 0 £UWW4 
pMOSh5y^^P3t nMOSh5yy^^N3 
coy- F (y-h'l) tcEPJpS^ft . 4 ^a'-? 2 0 
li, y-F10fg^S:Rl(ELTS«*«ail<01B«VDD 
1 cOl^UORtefl-^S: V - F 2 ^ftjj-t £ . 

[0004] y— F 1 fcy — F 2om#ti:. ftlfiln 
MOSh7>-y^^NK nMOSh7>y^^N2<7) 
^-FfcUnifcix*. — pMOSh^yy'X^Pl 
ipMOSh7y^P2(i, 4rtxZ'ticr>7-h&5. 

*'nMOSh7yy^^N 1 tnMOSh7>yX^N 

2C)F W Xcgc^$itTV">2>„ 

[0005] E2 (c^-t,}: d ttNM&BTV - F 1 » 

Hly*^K y-h'2fr'LK;l^i:tl.i:, nMOSF^ 
N2^IftStirl.. nMOS hyVyX^N 1 # 

mmytm<7>titbs-v4tfLh''<)i'b%r>xt3 y ) . y- 

F 4 # ll U^U<7)7t#> P MOS'^yy'X^P 2^2gSI 
ttSSt^oTVi. -f-LT. pMOSh7yy^^P2 
jWrjlKOBOfcfty- F 3 tei»a$:ft.fciWj«FFO UT 

^)V(r>MMiW. 2 ofliiS v D D 2 co K;UT& -g. . 
[ 0 0 0 6 ] 4-. Ay-J^T 1 Nfcft^AylSn, y- 
F 1 omffi^H U'OUa^ L KyMC^-ftrS , y — 

y i com-fu^w -yrt—f 2 0(Dmie.m.m.^m^-r^mm 

t 1 T\ y — F 2 # L U*s/U*» L> H l/'syl/tW OS*? 
0. nMOSh^V^Nl^NTIi:*^ nMO 

[00 07] y— Y3<TMmi.. y — F 2 <DW&jf n M 

os h5>-> :; x^N2coraflt»fi5:a3g-ri.B#r H Tt 2*> 

N2li. ^^itTV^pMOSh7yy^^P2{: 

fitLT y- f 3 corneal # Tff a . y- F 3 <r>m{u* { 
T*»9, B#rat 3T-PMOS h^>-iyX^P icorafflm 
<&£iliStf-* . pMOSbyVy'X^Pl^ilU 

y- k 4 <mm:w.2 cvwmv d d 2 * -csi # ±if . 

.1 COB^-fT'Cr nMOSh7yy^^Nl Ji^Sil i: & r> 

t^-2»cot\ y-H4<o«fiiisa[t:&t>±3&«4. y- 

F 4 O 0 s BtfiS t4TpMOSF7>'>''.X;? 

P20HMWSffi£il»$-Si:, pMOS b^yy'X^P 
2tfimMt% 0 . y- F 3 ^ K*ffiG N D ICT 

* ? -S>. CICO^, t l*^t 3^T'COB#S* { . ly^;U3 
WN'-^BSS ( 1 ) <r>mmtiifflt p dT'fcS. 
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[0008]<J;C, y - F 1 * { L K/U#>£> H \y^.MZ 

Eitth t . • y- f 1 <rmmM v*—? 2 o<Dmmm 

QLZmm- ZBfffi t 5T*y— F 2 #H U'Ot4>&tfF£ " 
*fi#>, B^n t 6 J-Srt L y^WCfl] 9f 9 . nMO 
S Y-7> ; JX?N ltfmmt**) nMOSh^yy^ 
N 2 mmmttch . n M O S F 5 >^ * N 1 tettz 
rJLT^pMOS hy> : Jx?P lfcffi L/C y-F 

t 7T'pMOSF5>'v : X^P2<7)ra{lfl:{a^fflS-f--l) 
10 pMOSh5^^P2*filUT/'-l«3tf)« 
fflS:SS20l8«VDD2^)U'<;U*'T5IS±H f S. 
Bfr^-ffc: n M O S h 7 v^'y.^ N 2 (i^ilt&oT^ 
y — K3<0«f(Wlftafc4^±j6*4. y-K3 
WttiL&ltf*) s ^t8T'pMOSbyyyX^Pl 
OHBttUffiSriBiM-ftk. pMOSh 7 yy^Pl* ! 

fc^ 1 ?, y- F 4 <i^7 y K*{fl[G N D lew 
& . i-;LtcO t 9 . WRtm 1 V DDI cOAylfl 

# (y-F 1 ) Ji, jgfi#m20«*VDD 2*>iMj<S 

-f- (y-F3) fcsansit*. 

20 [0009] y-^/Un >y! — ^(US& (l)cOpMOSF 
7Vy^^P2li A^Jb^OolRfcas^SH^OUTfc: 

HT$> 9 . y--F^S^A#<fglt-t-l)^* i 35-&. * 
tz, n MO S h 7 7 y'X 2 {, tUS ffi^O UTO?ll 
Ttf £ W otitblz. : p m os F-7> >>x ^ p 2 iHHttc 

tl^'. aj^SH^OUT^gi&TffU. nMOS 
h7yy^?N2CJ:0. Hfl^pMOShyVy 
*7P2tzijiLXfihti2>tziib. mm^mt P d**^# 
30 <3r»5. h7yy^P2. N2^t : 5r«jia 

m.wmi&k^?fflmtf$>&. -yj. y-H4«utji«f 

[00 10] icOidt. ly^/UnWN'-^lHlgS ( 1 ) 
TitiJjW? O U T ( y - F 3 ) cOft&C^ I * TW31V * 

coii. pMOShyyyy;^P2^itts^ity 

-H30«ffl&5l*T»fft!t«>T*4. pMOSh77 

< 3 1 £ ±(f *Uf <t v y - f 4 co«ffi I § ±ff 

40 SpMOSh5VyX^Plli y-F 3cOSfibt> s ?l# 
TW ^>tL^^* J ?>^h^ii-r-&Sl^T'S>.|.^46. PMO 
S F 5 V*JA 9 P 1 cr>W)ft*9tfjtHth Z\ t (it'# * 

[00 11] [23Jiu ^;ka^N'-^I118S (1 ) coPal 
m£Zi5l&Ltzimcoi></\,a>rt-?®m (2) 

( 2 ) toy- f 1 — 4 . y- f 1 0 <?>WE:<jmmx'$> 

h. UKjua (2) ti\ ly^un^N'— ^ 
EISS ( 1 ) <7>y— F2ty— F4c7)r B 1^nMOS F5> 
50 x'y.^N4* J ^$tL, nMOS F7ySyy.^N4S-lg 
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wrth 4 d i otfmuztLZ, . 

[0 0 1 2] A ysi-?D 1 OJi^l^miSVDD llZ 

7>v : ^.^N4<5Dy-h^ai^|-ri). pMOSb7>y 
X?PK P2, P3. nMOSh5yy^Nl. N 
2. N 3 fiW<Jl-:3 ESS ( l ) (Dm^tmUX 

[ 0 0 -1 3 ] £TF(3frt6. i: 13 9 . l^/Un >J<-?® 
8S ( 2.) F2con{ZLtfiL-h±tfh k. /- F 3 

0«ftcD^-ffc;£#7t-f nMOSb5>'> ; X^N4tCj;0 
7- b>4 Omii* 1 '. H 1 <r>mMV DDlHnMOSh 
7>y^N4 ^DMiOTJE V T H N o 1/ 

(VDD 1 -VTHN) ±Y3l*_h»f £>il. pMOSh 

[ o o 1 4 ] 04 iz^-tx a wmmx-j-Y i a* 

HW<;K y— F2^Ll/^^t-r-&t. nMOSh5 

*^Niii*aiST* h . y - h 2 a* l k;ko*:#> y-F 

lOtiHW, nMOSh5^^N4liSI« 
JST-fc-S.. zntzih. y— H4JiLK;K y-F3ti 
H U^T^SMiSi 2 CD^jfS V D D 2 60 KyUT"$> & . 
[ 0 0 1 5 3 4-. AylS^ I Ntc^-§-#AJj£#U y- 
F 1 OtKft^H L K^c^-ftf 5 £ . y— 

f i <7>nm?4 2 o anfgiEffi&ji&-f *>$ia 

1. 1 %?ZH~-i> — F 2 <0SHj£#* L L"^* 1 ^ H KMc-W 
. nMOSh7^^Nl j&^NSili: & 9 

nMO;.S h7>-> > 'X^N2*^ah : Srl). nMOSh7 
N 2 1±„ 4 *f^il LT pMOSh7^ 

* P 2^ LX y - F 3 comft £ § I # T*f *W> & . i «0 

w&xk, y-F i ou:>f >-a-^d i ocommizi o 
LTv>s?ty>, y-V2<7)±-h±ti i K>i l zx *)j-ya i 

(VDD 1 -VTHN) *TJ4?l*±tf ^ftS. 
[00 1 6] y-F3<^m{a(i. y-F2<omfi[#nM 
O S F yVi?X? N 20Wft«ffiS:5B»'*-&l*rig t 1 2 

tTHiW^, y- f 4 omagra t 1 3Tpm 
osh?y s J*?P2<7)ms.mte*m&-t&t. pmo 
sb7yy^^P2*™t^ 1 ). y-H3«a^ 
tc*^ y f«(£g ndct* 5 ?.. y- F 3 **L U"s;K:: 
SrO, 9|Bt UT'pMOSh^yyX^PiwKIf 

mmm-ti t . pMosh7yyx^pi*>iiLy 

TfcWk, y-Fl OiiLKMc-eJO^^TV^Jt 
nMOSf7yy'X^N4li#ili;^T^| 1 „ 
c:o*§-£\ ti i*»fet i4 4-C<on*raj& t . i/^ay 
A-? 088 ( 2 ) <0SMB#iat p dT&fc. 
[00 17] iOi^tc. W3W<-^0B (2) 
T'Ji, y-F30^-ft;Sr#3t-rnMOS byy~JA?N 
4 Cci 0 y- F 4 ? I £ ±(f hix&tzth. p M 

O S h7>y^ P 2jS^RW31i:2r*»f1sa t aE4 0 . « 
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W%mt P d3&*««$*iJtii118St>H'J«3ft4. H4T 
t±, JtHS^Jfe^fcU^aw^-^EIK ( 1 ) 

[ooi8]»:i:, y- F 1 #l i^i^£> h kmc 
Stfcth t. y - f 1 om&aM y^-^ 2 o^sgffis 

ffi^5I3frr4B*iat 1 5T\ y-H2* J HKM^L 
U^WC-W0#i?0. nMOSh7yy^^Nl^I 
fc&O. nMOSF5>y''X^N2*^»jli;^r-i>. n 
MOS F^^i/'X^N l(i. ttfmMLX^Z pMO S 
10 h7Vy^^P lfcfSLTy-H4S:5l*T»fS. y- 
F 4 eom&tfnFtf 9, ^tntpMOShyyy^ 
^P2«Kifiime2rMii§-r4i:. pMOSh?^^ 
P23&q»aLTy— K35&*2<0«»VDD 2*T?I* 
±*f 4 . CI OHM-CIC nMOSh7/y^N2 t^Mi 
51 1 ^ T V ^ <T>X\ y - F 3 tf5«{ftii«iS (C3i*>±^ 
4. 4fc. y-FlOJi. y-F2<^fcfc:3in.TB«ffl 
t 1 SX'HU^-MzmOWhK). nMOSb5>y^ 
N 4 *qi3i-f* . y - F 2 ^'-T L l/\*4«T. 

y-F 4<7)B\%Tmz&$-L^m&zmtbz> . y-F 

20 3 <^)Sfi[^'±#i, tpMOSh77y'X^Pl jC^NKI 
fc^rO. y-F4{i^5^Fm{aGND^T*^. 
[0019] 

[»BJ*«^Lct3i:-r4iga] K^3»n*-^0K 
( 1 ) Ttt. BUKEOtfcD. aj^MHPOUTOSl^T** 

[0 0 2 0]-?j» U^=JWN*-^|UB (2) 0j 

mi^misvDD i*<3. 3v s m2<r>mm.vD 
30 hhifi. &*<o<&immij%fa<7)Mmw\mcD£oiz. m 

fc-g.. ItliJnMOSb7>y*X^N4^y-X7*P 
VESSi; LTy— F4fcSBttSilTV^4«:ft % nMOS 
F 5 >^ ^N4fr', y- F 4 co*ffi^ffiV ^{||<OSS 1 <T> 
miSVDD 1 J; DilVTHNM^y^ (VDD 1 
-VTHN) 4YU&»3l*±ft*Vvfc«>T**. 
[0021 ] Wiif . «K«E3&«iB!V^feBtEI»T, lg 1 
OlgVDDlAn V. I2(OtigVDD2#l. 5V 
T\ nMO S h 7 yy'X^«lffVTH N^0 . 5 
40 V % pMOSF^^^'X^OBgfil^JEVTHP^'-O. 
5V<50^-&#i.?,. I^t^nMOS^yyX^N 
4(iy-F4^^^? ( VDD 1 — VTHN ) =0. 5V 
4T'L*^I %±¥f-f. P MO S h7>y'X^ P 2*^^ 
31i:^r4 (VDD2-VTHP) = 1 VtiiltJit 
*«T**v^. «!->x» WnyA'-^niB (2) coa 

S^ltpdd pMOSh7^y^Plti*)y- 

( 1 ) O^J: *)%'J'--im2ti&mig.lztt'£h. 
[0022] CIOJ: d lz^ K/I/3VA'- ( 2 ) 
50 t, (VDD 1 -VTHN) tffi2<V9MVDD2 X Oti 
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■hTtf *) (DMm&rrS t p d#*# < . £*>T# 0 <7>$5S 
[00 23] *£T2|KfMWi, WBttEEftHKi^MKIilft 

[0024] 

mm*Mm-&tz#><&£&) jjeodb * 1 <o« 10 

fc#J^4*l<0«*Htf>A*S^£. lulBIS2<7)miSi: 

*mm.mm<r)im.mzttm-t&m 2 ^mmcomtim^z 
%mtz> is-^vn >;<—?®mz&^x . msm 1 

aSlcoSHBORRfi^Sr^feJS-rs-f y-x 

X# -y Jut 1 *t<DSt? 1 h7yy'X^ 

*:ix?ivr>Y\s-i-ytfi— ^XtefBrtrco^ox^yr 20 

lERtefiWA* S*x4 1 *f<0S§2#fEM h v 

t . Hul£^2tfomi®i: BufSftjimiflt KfiSRSi'U fliffi 

—■fiMitiSftri? oX# •y7VUig^.*<75[i-^2ra® § 

fflrf2*2<OfiS<0» 1 OSffifi^Sr^Jft^-iSS 1 «o 
SS^Sfc. «nE»l*)Sffira-9*:J:9#JW3*U fiffE 

&mizmfL>tifzmicox4 -y^st^u mism 
1 cox a v , itriasiKit-^^flfjiaftjsmiS t» 30 

4B§tS5IU m5^ra»£^fflfc&4 J: dfciWWS 
*14 i £: t f 4 WC^a w?-* EB*a«-r4 

.ri:(c«£>9i©ft£:h.4. 

[0025] ^Hjft- ifiJf , — #0? ox# vTVMg 

£>n 4 -3ro? dxa y r;wsawit=j^i$ *ut 
m 1 h 5 yis^ftfimmt $:4iMft«s* 0 . 

ifix-i* 4 . '3Wi»rraje 1 ox-r 7 f#gii^ 

[0026] 3Etc. *«B*)l/^3yA-^0Btl5 

^fc*a*4J:d£*l»3:h.4<0T. -;tr<oyux;$ 
•y r;u««£fc««$*i.fcss 1 w*S! f?^^ <ny 
- V 5r ; m 1 (Ot^fl^ T'3I# ±»f 4 <r t #*aj# 
4. f£r>T* SSI . S52^»lE*A t {S«£Efl:UTfc. 50 
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<oyox# vTjumm&izmmztitz&imwmhyy 

[0027] *fc_L!Etf>BWtt. SEC ±IB^»8i B Jtfc 
v>T, «TffiJS2<0lKSi:1treftji«a[[i:tc««tSix. hu 
fBflU^rXJi— -y 7';Hm*£0ft-f-^a®$ 

£M(,zW.l-ft>tiKm2cDX4'v1-^&kZ^L. Mfem 
J55-f4^fi[*^B?ISm 1 wma5^^JSE-r4S{2tc^f 

zmizmm l. w^ra^ic^afc ^4 i a 

^4^ t ^^Stt-T4 WN*-^EBSr««-f 4 

dhtwi0^^ix4. 

[0028] *«BH(c ituf ^ fflj^^nx^ vTMSk 

m&coniiLcr>iL-h±\fzm#>&^mztat. ^2^ig 

7')\sWSi&V>W$L<r)3Llb±.W *mt>& Z\ k ifiX'^ 4 . i 
<r>tzih . as *«#<oi: *>T^" 0 Rtf K> B$coa®' 

A# =5raii^»S*«^4<7)^[5S±-r4 -r t *>'f^ 4 . 
[0029] 

[gpmmmvBm] ar. *?tw<vmk?>mmiz~o\y 
x mm (ft* o t BjBj-r 4 . u •*»• u"* i 4 siesta 

[0030] *«BJ<0K;l,3 WC-^EIBOJR 

9 mk<r>mmwx-h k>. me n^^mmmx-h 4 . m 

5tftJ:otpMOSb7>^PU P2, P 
3. nMOShS^'^Nl, N2. N 3 <r>mm±m 
1 3 |5Hf T'£)4 . *%0J(?31/^;U3 

Mm*) vmizxj v^&sitfmmzti. *<m 
4. 

[003 1 ] JlSIHSgD ltiA^AV-K3 <-^c0^ 

ox* 7 r;wiM) izmmztix^x. y-H 3c?)fi 
w&wd Kwmm&m2<7)mmvDD2X'$>K>. m-? 

Tffl*S«fc»2<0«»VD 0 2*51^1^*4. *56 

*>t* s 0 <7)$>mmz a # ^rRawaiJ^aai 4 o w±-r 

4^t* < T'#4. 

[0032] mz. *«W<0K;P3 wC-^EBott 

— F1#HW<7K y — H2**LU^t-r4ts nM 
OSh7yyy?Nl *^fflttFJ. nMOS YJVi?*. 
^N2*gf*a«JBfci4. y-H4liLK 



1 1 

t 0 0 3 3 ] 4\ AaSRP I NKff-f-#A:b£:ft, y- 
Y 1 coSGWH 4. L U^jUlz^iftt i , y - 

>A-y 2 0<OHW*ffi£5Iifrf4B*ia 
t 2 If, 7- K 2 fr'L H 0 f t> 

0. nJMOS h^y^'xyN 1*^^131 nMO 
S h^y'^^N 2 #3*9 i:3:4. 

[0034] nMOSh7>y^N2li y-F2<7) 

m{a*Cn Mosh7>-y^^N2 ^sramfts-iiii-r 4 

y P 2 IcSt LT y - K 3 <0«& S: 3 1 # T(f J6tf> 4 . CI <9 
BMTO*. X-f -yf-S l^iiLT^i,^. y-K2 

<r)m£L<r>*L%±tf ot-<t oy— K4 3 1 # ±ff 

ix4. y-h'4tf0«{a^'±* { 0. B#p B Tt 2 3T'pMOS 
h^:^xyP2Wllffia©£j£§;?.4i:, P MOSh5 
V. fx 9 P 2 ^agji i: & 9 , y - H 3 ti&tft*: y '9 
yHttGND IZTtfh . y - H 3 tfJUTfit* 1 . ftR t 2 

4T'pmos h?>i/x?p lcommm&x 9t#4 

S-|S2<^«^VDD2<7)K;P*T?l#±»f-g>. X-f -y 
f- S 1 i4, 3S0S8D 1 iz 4 0 y- K 3 WD J; 

•jstu y - H5«ttt* f : X'f 7fsi <ongffi«[S£ii 

2 1 t 2 4 * T'OBSia**, *%BJco 
y 08$£>g©i#p B ] tpdt**. 
[0035] iOj;-5^, ^^U^l/aVA'-^isi 
HK4.-*y- K 3<*>«{fltf)^«:f$*rr* x-T -yf-S 1 iz 

4 9 y - h 4 <7)«{a*^^*H'§ i # ±«f <b*t* , p 

MOSh7^X^P 2 J&9N*iafcflJ 9 #*> 4 »ff jWS 
£ 9 , SffiB#^t p d A^«$iiJlii1ltafcHiJjSSii 

^7fSl *aLT*2«0«aBVDD 2KIK01 
SVDD1 ^«SS#8&h.4 £ i: ii^v \ 
[ 0 0 3 6 ] 127(4, *$ffl)<Z>mM<Q&mv>U'<.)U3>> 

A-yElfc ( 1 ). <O0BHT* "9 . msi&znmKWM 
fab 4. 07^i-4 3fcpMOS h^:V'xyp l, 

P2, P3. nMOS^yy^^Nl, N2. N3<D 
»«i:ffffli4«*^*^i:|S|*T'*4. fcfc'U 05 

thU^x-* yf-s i(3ffl^-r4pMos h^y^'xyp 
4*v-F2, y-H4iat=ieK$^ ^oy-'-hjia 
5cDSI@088D 1 (cffls-t4 4 yA-y D i co&fjy- 
K5tC«^§itTV^4. ^(yA'-^DlIt y-b'3<7) 
ft^2rF^oaEB^P B ^(50*>{affi$-R«5 LT y- K 5 fc 
ttJ^-T4„ ^/<-^Dlil SI2comi®VDD2 2r« 
Jii; tTV->40T'-^c7)|5i|i(i;Sg2<7)«jSVDD20K 

[ o o 3 7 ] lis iz^-tx o ic. Wtfcsrey- h i # 

HU^/k y— K 2ifiL\y^)Ut-tht . nMOSh5 
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/k y-H3(4Hl^^/UT-m{a{4^2^milSVDD2^ 
l/^T'^4. ife, /-K5liLKWpMOSb 
7>y^^P4 ttaiattflSTfc 4 . 
[ 0 0 3 8 ] 4\ A**SKf I N£fI##Ayl$:ft. y- 
K 1 ^J«ffl[36*H K;U#>£> L V^MZ^ifth b . y- 

h i outlaw yy\-y 2 o<7)Mffi«{>i2ra^-r4B$ra 

t 3 1 1. y— K 2 CDttftj^'L l/^/U*>^> H VOWZi® 
10 9§;b9, nMOS N5>iy'yyN 1£<9NK1&&9. 
n M O S b 5 y ^'X y N 2 £ 2:4 . 

[0039] nMOSb7>y'X^N2li y— b'20 
nMOSh5yy'X^N2 coRSfflttfi 5- iliS-f 4 
BfOt 3 2H, ^^'SIUV^pMOS h7 7y^ 
yP2ttaL-Cy-K3com{a^?I^T(f^4. icT) 
B$j£Ttit. y- H 5 0«{a<4-f >-yN'-y D 1 <?)ilffitc«J: 
9 * ^fLl/^K' P MOSh5yy^^P4 *^tji t T 
v>4*:tf>, y-H^cTjmficoi^i^O^J; 0y-H4 

c7)«fitm<7)«iiVDD iff>vKj^±t^\^±yfhii 

20 4. 

[0040] £<0^. m3cr>mM<r>\/'<)i<-3^rt—9 
088(2) tm%*). P MOSh7>y'X^P4ll F 
W y*V-K4(CJ#MSixTV^47ti6. y-H40m 
fi[5r y- H 2C0H 1/AL;P7:-S>4m 1 ^«lHV D D 1 <7)l> 
<)l-t T?l#±(f 4 CI 1 36*'jiS*4'. > - H 4 iOtt^i: 
* 4 D » B§p B Tt 3 3tp MO S h7>y"X^P 2WB8ffi« 
(a$:«^4i;. P MOSb7>-y^^P2>!)>miJ:^ 
K> . y- H 3««iaiiam:/5 > K«(Sr GN D (CT 
#4. y— h*3«0lEfi|[* { , B$rat34T' P MOSh7> 
30 >-'yyPlcOWffim{4J:0W4i:, P MOSh7>y' 
X^Pl^'ilL, y-H4<0«{aSr»2<0«aaVDD 
2«U^s/Uif?l#±»f 4. -f >A'-^D 1 OJlffitCj; 
9 , y- H 3 ^mficoi^W 9 4 0 SixT y— H 5fi0 
«ffi36*S:^ ±36* 9 , W35t P MOSh7yy^ 
P4c7)mmW.^mtht. P MOSh7/yX?P4 
*^N¥ffifc &4 . £<0«^-, t3lKt344 T"<7)B$ 
PbJ#\ ^jsHSftOJ^JSOU^n wn*-^088 ( 1 ) crM 
Wmt pdT*J>4. 

[0041] i^at. *ftw<nmM<7mm<7>\''<ji' 

40 3WN*-y088 ( 1 ) T-(4. y-h'3<50m[>iO^-ft;^# 
fe-f, pMOSh7V£y'xyP4(=4 9y-K4<7)«{a 

3& ? iS j ?>*Hc?i#±(f hixhtztb. pmos h^y^xy 

P 2 <?^N»afc *4»ff 9 . ®5iB$^ t p d im 

Sh^y>-:xyP4(4#^Jli:^40T\ pMOSt-7 
y^^P4*iiLTSS20«8BVDD2*»4>SSl<?5« 
SVDD l ^na*«S5ii4 £ b I4«|v\ 
[0042] *HMc7)jg«<7)U-^;u3>-yN'-yiii88 
( 1 ) 14, ifi^O«M»B^^[6]<7)m«088o4 5 IzM 
50 ««Ejfi(« i vmix-h 4 t ^)***S^i)/t^V \ 
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m2(D9MVDV2tfl . 5VX\ nMOSh^y 
^^Oi«lEVTHN*50. 5V, pMOSb^y 
i/X 9 <OWH§MBL VTHP^-O. 5V<5D*§-£-£:#i. 
h« 13<0»«K;P3>A'- ^0g§ (2) Tli. n 
MOS h7yy'X^N4^7- xy*nr?®S&L LXJ 
-V4t,zmmZtlZ>t&>* nMOSh7yy'X^N4(i 
y— F4<7}«-G[S:S* (VDD1-VTHN) =0.5 

M^ffi^K^^^^'-^HK ( 1 ) Tti. pMOS 
h7yyX^P4ll HH >*V- F 4 Cga&S fvt 
y-H4*»10«BVDDl = lV*T3l 

(VDD2-VTHP) = 1 VKjg-f& d t 
3fc*. %->X. tlVDDl, VDD2*<ffiltE-ft;LT 
t, . ft^^O U T 1 (DttTlf SRlffc^tgi: 

[0043] jfcfcr. J— F 1 A'Ll/^A^HK/l'C 
^MCth^M. y— K3««(HBt 3 8X'HK;Hc-tJJ 
9#*>9 . y— F 5#B#rat 3 gtLl/^HCflJOffc 
5itpMOSh7yyX^P4liiIL^W, p 
MOSh7^^P4 U«»fcH5 t ^ iilF^-ti-f »fE 

am i <7)&&:<7>i%-£ t mmx'h & . 0 1 mmT^tz 

t&*),tcx. y-H4^{aoA*>T** , 3 H3 

[ o o 4 4 ] 09 «, itwmmmnmmw^iv^ v 

A— 9\b\8$ (2) WEHKS"?**. 
» ( 2 ) «\ F4j&»£»2«e)-f D 1 

4. y-K3fcy-H4{*ffi«(3#*OT> 09<7>y- 
HI 7 CO y - F 5 Off -5?- 1 R^Oft-^^t 4> ix 

[004 53 Hi 0J4. *ftty<Dm&CD18Mco\s^)l>3 
y;<-?m% ( 3 ) (^mSSETfeS. @ 7 CO WOW =» > 

^0g§ ( i ) tctswr, y-H2fcy-K4ora^ 

g(t^pMOSh7yy^P4?: > y-Flfcy-F 
30lSlfc:af*£.r £T\ 7- F 30^±* 5, 9 £jgtf>& 
ZkrfX'Zh. BP*,, y-h'l^-f 7f#gC5pMO 
SV7>y^^P4W-Xt:glL, IfcpMOSh 
7>"v : .X;?P4C9KW >-Sry-H3tc^86L. SffilH 
»-C* •?> -f WN'- * D 1 cr> A*#F £ y - F 4 

-sit t\ *.jjm-z?v>±-h±tf *)m<vmw8fmzm.m-t 

-t y- F 30€{40i^±(f £il#>& £ t wx- 

[0046]^, -OA'-^Dl^Sf^^-K 
4 tcSBBHH*. jSttK^-i o \ZA D 1 9 

LTy-F3t^LTfciV\ pMOSb7y 



(' 8) #fl 2000-91894 (P20 00-9 1 894 A) 

1 4 

yy.? P 4 £ nMO S b ~> > s JX9lZ$&£tZZ. t h . 

[00471011 Ji. *%Bflc0HSfe^®OK^^ 
W^-^HJSg (4) f)H]S&0T$>&. 
ESS (4 ) i7c0K;V3yA'-^|sl|fS ( 1 ) tPJ 
«^y-F4co«eoi*>±ffSr5I^.S»¥S (pMOS 

t-7y^?P4 (^i^7f#8) . >fww 
di ) ±iz^K.t:y-\ i 3m<r>m&.cr>iL*>± 

10 tf£iS#>&#K (pMOSb7Vy'x^P5 (S?2coy> 
-f s ^^WD3) <OPS^S:««Lfcfl»C 

[0048] l/^ay^'- ^Effi (4) k:i>wc, P 
MOSh7yy'X?Pl, P2, P3. P4. nMOS 
h7yi/'X^NK N2. N3. -f^WDlll 0 
7<7)^fc|SI«T'J)?». Ix^HJWn'-^ESS (4 ) T 
t4. pMOSh^y^P 5*V— F 1 tJ— F3C0 
EJtCffi&S it. A D 3 *V- F4 t. y— F 7<7) 

ratissRSih.*. ^Kfi-si-ajT]^ (/out) 

20 *V- F 4 . l/^l/3yA'-^» ( 4 ) 

Tli. .haoj: 3 -f VA'-f D ltpMOSh^y 
^ * P 4 1= «fc 9 y- F 4 <ottffi<0&t>±»f 2:^46 . -f 
>-y<— ^ D 3 fc p MO S F y P 5 J; 0 y — F 

3 iiliO«;f»iCOA*>±(f 5:3146 & £ k tfT^ & . 

[ o '6"4 9 ) sr*»; jttacWi ?W v d i • 

cOAyUSS-?-^ y - F 3 fcJSIHHM D21^ 
LT y — F 4 IzWfii L , ^a-^D3«A»7 
- F 4 izmWt-TA >K—9 D 2 0 -kit LX J— F 3 £ 
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Ws-^0SS ( 5 ) eD0S&0T#> 0.01 3{i-e<?5*E 
vS®0TJ)l>. W^U^y^-^HIIB (5) «, I7C 
feltl.pMOSb7yyX^P45rnMOS h5y^ 
^N4t»i, -?-<?Dy-F^AI»y-F7cOfi^-Sr. y 
-K3K2g^yA'-^D4, D 5 *gfc3®EfS# 
L^:tc0T-$)-S>. nMOSb7yy'X^N4<^l/ 
^31(4. 07c7)^OpMOS h7>:J*?P4tm 

40 i5C-fy/WD5 OA^S^^ y - F 4 (c&K tT 

[ 0 0 5 1 3 01 3lZ7Ft£?l,Z^ nMOSh^y^'y. 
^N4*V-F4c7)mf4&5l^±(f-i>[g. 04cOfi!5RcO 
1^3W<-#BB (2) <0ii-^i:P^r , 5. nMOS 
h7>'> ; y^N4*4. y- F 4 c0«{5$: y-b'760H 1/ 
^T**>Slg2<7)1liSVDD2*^nMOS h7yyX 
^N4<7)raffimEVTHN7iT*^^l^'<^ (VDD2 
— VTHN ) , Xt4y-F2C0Hl/'<.yK7)^lC0fl;jgV 

d d i <r> o ^i&^cDm&t trti5l # ±Jf ■& - fc #fcb# 

50 6. liKi, 012«nMOSh5>'^N4«y- 



1 5 



M4, m2<T)nMVDD2T%m)Ztl&J 5<D 

ftjiiizffl&ztix & 9 , 2 commv d d 2 <omm.tfw 

[00 5 2] Z.(T)\s'QV3yrt—9®8 t ( 5) (4. (V 
DD2-VTHN ) SSl«0Si®VDD 1 £Rft|5|« 
m 1 iOtilSV DDUO^ V h . 

E3«0*-&fcH«fc:. JB1<0«»VDD13&«1 
V % ^'2<omaSVDD2**l . 5VT\ nMOSH5> 
^^tfORgiimffiVTHN^'O. 5V, pMOSt-5V 
^X^tfOBaffimfiEVTHP^-O. 5VcO*I-^-2r#i 10 
•i>„ Z<7)t% nMOS hyy : JX?N4<D&m&fCDYl' 
■iS (S-V2 ) OmfttifiSltfDSjUVDD l = lVt 
3:9, ^-ht0m-e{ilg2OmjSVDD2= 1 . 5Vt 
%&CDX\ (VDD2-VTHN) =VDD 1 = 1 Vt 
tch. ffi.r>X, nMOSh7>y^N4(i> S—Y4 
£ 1 V mit. I § ±tf & £ t #T'# , +tCpMOS 

[00 5 3] iJUi<^lPJW05*>£>01 3lc:fevvc(4, 

g n d , «mjEw as i comm. v d d i t ;s«e 20 

WjfS2<Ofl;i!SiVDD 2 fc#fc&^W#J£jpLJtJ&*. * 
J*z>iE»VDDA9t3It\ i)«n3r05«Sfc t 
X . m>W±<DW. 1 <zflH5V ssi hffimflEcDSfl 2 oiEB 

VSS2h* s J)l>Jg-& (VDD>VSS 1>VSS2) 

o s h:7 * <omm*w&ttu,i. mm^mum 

f&X'i.i. 

[00 54] 01 4(4, ±EOSgCi 907CM5]B£ 

a # m t tz-^WR<n$m(nmm<r)V-^)v a yj n*- * eib 

( 6 ) '^SBH-c** . l^Pa Wt- ?0S& ( 6 ) 30 
{4. W. 1 <0«i®V S S 1 fc ftiimMV DDi (C»£S$fl 
&-<f ^A— ? 2 0 fc , V—XiJ s M2<DWmV S S 2 tig 

nMOSh7^'^N5, N6t. V-.X#ftjimi® 
VDD(C}g8S£iX*:pMOS h5yyX^P6, P7t 
«r*U 3Sfc, *2«om«VSS2fcfta««VDDi: 
JC««SSiXi-f Wn'-^D 1 fc. ^A'-^D ltcj: 0 
fflWZtl&nMOShJyiSXfUl t h. & 

jftttteiS-rJ: 3 22*jtLXJ-Y4\,zi& 40 

[00 5 5] 1/^3>A- :?0B (6 ) cDnMOS h 
5yy^^N7(t 4 y^-^2 0C0th^m^r(7)y-h' 

Ttft nMOS h^yy^^Ne^ilt^l.^?: 

[00 56] 09*>£>01 2 (~^Lfcl/'<A'3 
EBtlsiafeiLT. 3B(6i:=flr«>jei«»VDDi:*s5r4 
2o«0^SVSS 1 . VSS 2<D7- 3"r7-f-v — fcS 50 
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S,|.nMOSb5yy^^N7li, j!JBS-*4)flgtt£S: 

T'£>.i>. 
[0057] 

SWEjWBeV 4KRIaIK(cD v t , JU^aTF- O U Twit 

-*eh£««-*-4 - fc a . 

[ElffiWffi#^l^] 

[Hi ] m&w^i-ay ( l ) cosbht 

[H2 ] «*<ou^I'3^'C-^eib ( i ) commx- 



[1113 ] f^u^l/nyA-^iilK ( 2 ) <7)PP8§E3T' 

[04 ] ^ob-^ay^'-^niB ( 2 ) ommx' 

[05] *»BH«K^3 wn*- ^ESSWHillMBHHT- 
[06] *»BB<0U^U3W«-^llItt<OSa*KB#*- 

hwemx'hh. 

[07] *J6W<^UtOJgJB<0l"^l'3WN*-^EIB 
( 1 ) <0BBHT*4. . 

[08 ] *|*8J<0llSfe^SlOK;P3>^'-^IIlB 
( 1 ) W*®0T'^^„ 

[09] ^^comm^>mmcou^;uziy^-^msi 
(2> oniB0rfcs. 

[010] ^m<rmmnmm<D i"<)i< 3 ^ <- ^ 0B 

(3) W0B0-C'$)^. 

[011] *ftWe>MM<?>]&te<z>^'<Ji'3yrt—?®3& 
(4 ) OHlB0T-fcS. 

[012] ^m<7)mm<omm<oh'^juay^— ^eb 

(5) <0HI»H-C**. 

[013] *3tW<?mm<7>&m<7>i''<*jyay;*— ^0B 

(5) com&mx'fo&. 

[014] *«Ha<7)|6ift<0JB!B«U</U3 W?— 

(6) <59EB0T'£>&. 
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VDD1 ««E<0«iB 

VDD2 

GND tgtft 

Nl, N2, N3. N4 nMOSb^yy^ 
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d 1 mm^ftttziu y*-? 

D2, D3, Dl 0 4 yrt—9 
SI X-f-yf-#g 

1,2,3.4,5,6.7.10 y-H 
IN A^Sffi^ 



OUT &jlii§=F 
/OUT fflfflm^Si^ 
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